Characterization of organophosphate interactions at N-methyl-D-aspartate receptors in brain synaptic membranes.
Several competitive antagonists of the N-methyl-D-aspartate (NMDA) subtype of excitatory amino acid receptors are phosphonate analogs of L-glutamic acid. The position of the phosphonate has been shown to be important in the structure-activity relationships of these analogs. To investigate whether other phosphorous-containing compounds had activity at the NMDA receptor, several organophosphates were tested for the ability to inhibit the specific binding to brain synaptic membranes of 3-((+-)-2-carboxypiperazin-4-yl)-[1,2-3H]propyl-1-phosphonic acid ([3H]CPP), a selective antagonist of NMDA receptors. Diisopropylfluorophosphate (DFP), dichlorvos, cyanophos, mipafox, and o-ethyl o-4-nitrophenyl phenylphosphonothioate are relatively potent inhibitors of [3H]CPP binding to synaptic membranes. The inhibition produced by DFP is selective for the NMDA subtype of excitatory amino acid receptors, is irreversible, and can be prevented by preincubation with excess CPP, 2-amino-7-phosphonoheptanoic acid, or L-glutamate. Rat brain synaptic membranes have a population of phosphonate-sensitive [3H]DFP binding sites that are covalently labeled by [3H]DFP. Two protein bands of synaptic membrane proteins subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis are labeled by [3H]DFP in a 2-amino-5-phosphonopentanoic acid-sensitive manner. These proteins have an average molecular size of 47-50 and 32 kDa. Proteins of nearly identical molecular sizes have been shown in other studies to be components of an NMDA receptor complex. These observations are indicative of an interaction between the organophosphates and the NMDA receptor protein complex and suggest that DFP may be another important pharmacological tool that can be used in the elucidation of the molecular structure of the NMDA receptor complex.